Abstract. The subtelomeric region of mouse chromosome (Chr) 4 harbors loci with effects on behavior, development, and disease susceptibility. Regions near the telomeres are more difficult to map and characterize than other areas because of the unique features of subtelomeric DNA. As a result of these problems, the available mapping information for this part of mouse Chr 4 was insufficient to pursue candidate gene evaluation. Therefore, we sought to characterize the area in greater detail by creating a comprehensive genetic, physical, and comparative map. We constructed a genetic map that contained 30 markers and covered 13.3 cM; then we created a 1.2-Mb sequence-ready BAC contig, representing a 5.1-cM area, and sequenced a 246-kb mouse BAC from this contig. The resulting sequence, as well as approximately 40 kb of previously deposited genomic sequence, yielded a total of 284 kb of sequence, which contained over 20 putative genes. These putative genes were confirmed by matching ESTs or cDNA in the public databases to the genomic sequence and/or by direct sequencing of cDNA. Comparative genome sequence analysis demonstrated conserved synteny between the mouse and the human genomes (1p36.3). DNA from two strains of mice (C57BL/6ByJ and 129P3/ J) was sequenced to detect single nucleotide polymorphisms (SNPs). The frequency of SNPs in this region was more than threefold higher than the genome-wide average for comparable mouse strains (129/Sv and C57BL/6J). The resulting SNP map, in conjunction with the sequence annotation and with physical and genetic maps, provides a detailed description of this gene-rich region. These data will facilitate genetic and comparative mapping studies and identification of a large number of novel candidate genes for the trait loci mapped to this region.
The subtelomeric region of mouse Chr 4 harbors loci that cause alterations in development, behavior, and disease susceptibility (Table 1) but sparse physical and genetic mapping resources. Identification of candidate genes for these traits has been hampered because genetic and physical maps are difficult to construct accurately near the telomere (Riethman 1997) . As a result, the quality of available mapping data is poor in this region. Examples of this include inconsistencies in marker and gene order, both in individual studies and composite maps, low marker density, poor YAC-coverage, lack of a sequence-ready BAC contig, and no available draft or finished genomic sequence.
This region contains the saccharin preference locus (Sac), which affects the intake of sweeteners (Bachmanov et al. 1997) . A Sac candidate gene in the area was identified (Tas1r1; Hoon et al., 1999) , and then excluded . Sac has effects on the peripheral sensitivity to sweeteners (Bachmanov et al. 1997; Inoue et al. 2001) , and is allelic between the C57BL/6ByJ (B6; high sweetener preferring) and 129P3/J (129) and DBA/2 (low sweetener preferring) strains (Fuller 1974; Lush 1989; Belknap et al. 1992; Lush et al. 1995; Blizard et al. 1999) . The Sac locus selectively affects sweet and alcohol intake; other taste stimuli, such as sour, salty, and bitter, are unaffected by Sac (Bachmanov et al. 1996a; 1996b) .
To increase the resources available for the identification of Sac and other neighboring loci, a detailed characterization of this region was undertaken. First, a dense genetic map was constructed, with markers previously mapped to the region, and updated with new markers generated during the project. The B6 and 129 strains were chosen to create the genetic map because they are allelic for the Sac locus and are distantly related. The newly generated genetic map resulted in the construction of a physical map with overlapping BAC clones. A BAC clone covering the Sac critical region was sequenced and analyzed for the presence of genes. In addition, comparative mapping was conducted because previous work suggested that significant conserved synteny existed between the telomeric region of mouse Chr 4 and the telomeric region of the p-arm of human Chr 1.
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The nucleotide sequence data reported in this paper have been submitted to GenBank and have been assigned the accession numbers: G67732-G67781 (STS D4Mon1-D4Mon68), AF311386 (Tas1r3 gene) and AF389853 (BAC RPCI-23-118E21). (Fuller 1974) Gene names and symbols are from the Mouse Genome Database (MGD), maintained at The Jackson Laboratory. Distances from the centromere (cM) are from the integrated MGD map. Genetic mapping and linkage analysis. Mouse genomic DNA was purified from tails by NaOH/Tris (Truett et al. 2000) , or phenol/chloroform extraction. Markers that differed in length of the PCR product (simple sequence length polymorphism; SSLP) were tested by using a standard protocol (Dietrich et al. 1992) , with minor modifications (Bachmanov et al. 1997; Li et al. 2001 ). Other markers were tested by using a single-strand conformation polymorphism (SSCP) protocol (Orita et al. 1989) , or by sequencing the PCR products of B6 and 129 DNA, to detect single nucleotide or small insertion/deletion polymorphisms. Linkage analysis and construction of the genetic map were conducted by using MAPMAKER/EXP 1.1 (Lander et al. 1987 ).
Construction of a BAC contig. The RPCI-23 female (C57BL/6J) mouse BAC library (Osoegawa et al. 2000 ) was used for library screening. All probes were radioactively labeled by the random hexa-nucleotide method (Feinberg and Vogelstein 1983) . Hybridization and washing of membranes followed standard protocols (Church and Gilbert 1984) . The library was screened twice, first with a probe generated from YAC 178B3, and second, with pooled probes of markers on the distal end of Chr 4. To determine the BAC clones corresponding to each probe, positive clones identified by the initial screenings were picked into 384-well microtiter plates and regridded onto 8 × 12 cm Hybond-N + membranes (Amersham Pharmacia Biotech, Piscataway, NJ) by using a Biogrid robot (Biorobotics, Haslingfield, Cambridge, UK). Each filter was then hybridized against individual probes, under the same conditions as the primary screening. The secondary screening results were confirmed by PCR STScontent mapping, using overnight cell suspension as templates. BAC end STS markers were used to confirm the BAC physical map and identify polymorphisms.
To determine the size of individual BAC clones, we extracted the DNA using a modified alkaline lysis procedure (Sambrook et al. 1989 ) and analyzed after digestion with NotI (New England Biolabs, Beverley, Mass.) by pulse-field gel electrophoresis (PFG), performed on a Chef Mapper (Bio-Rad, Hercules, Calif.). Samples were run for 16 h on 1% agarose gels using 0.5× TBE buffer, at 14°C; the settings were 200 V (6V/cm) and a linear pulse time ramp from 0.3 to 33 s with a pulse angle of 120°. The gels were subsequently stained with ethidium bromide for photography. Approximate insert fragment sizes were determined by comparison with the low-range PFG size markers (New England Biolabs). Finally, the BAC contig was assembled by using SEGMAP, version 3.48 (University of Washington, Seattle, Wash.).
BAC ends sequencing and STS development. BAC DNA for sequencing was prepared from 200-ml overnight cultures, according to the modi- fied protocol for BACs by using P100 midi-prep columns (Qiagen, Inc., Valencia, Calif.). Unique sequences from BAC ends were identified by analysis with Repeatmasker (Smit and Green 2000) , and used to design PCR primers for genotyping F 2 animals and to screen BAC clones to refine STS content mappling.
BAC DNA sequencing and analysis. BAC 118E21 was isolated by using an alkaline lysis protocol, followed by CsCl density gradient centrifugation. Following ethanol precipitation, the CsCl-purified DNA was resuspended at 15 ng/l in TE. Two hundred microliter of this solution was sonicated for 2 s, with a Misonix XL2015 ultrasonicator (Farmingdale, New York). The sheared DNA was end-filled with T4 DNA polymerase, cloned into pUC18, and cut with SmaI. Twenty-five hundred transformants were grown, plasmid DNA was isolated, sequenced forward and reverse with Big Dye Terminators (PE Biosystems, Foster City, Calif.), and data were collected on an ABI3700 DNA sequencer. Sequence data were processed and assembled with the Phred, Phrap, and Consed package of programs on an SGI 02 workstation.
After BAC 118E21 was sequenced, the STS content of this BAC and overlapping BACs was confirmed by aligning the STS and BAC end sequences with the 118E21 sequence (Sequencher, Gene Codes Corporation, Ann Arbor, Mich.). Another genomic clone, AF185591, overlapped with 118E21, and their sequences were assembled by Sequencher. Repeat sequences were identified with RepeatMasker. Genscan (Burge and Karlin 1998) was used to predict gene content and intron/exon organization. The predicted proteins were submitted to a tBLASTn search through the nr and the mouse EST database at NCBI.
For identifying genes through their similarity to ESTs or gene sequences, portions of the 284-kb genomic sequence were submitted to iterative BLAST searches to find matching genes and ESTs, and the cDNAs were aligned with genomic sequence to identify intron/exon organization.
Analysis of gene expression and detection of SNPs.
Primers were designed to span intron/exon junctions suggested by Genscan (Tables 4 and  5 ) and were used to amplify genomic and tongue cDNA. Genomic DNA was either extracted as described above or purchased from The Jackson Laboratory. Tongue cDNA was prepared as follows: total RNA was extracted by using TRIZol Reagent (Life Technologies Inc., Rockville, Md.) from enzymatically separated mouse lingual epithelium (Ruiz et al. 1995; Spielman and Brand 1995) , which included fungiform, foliate, and circumvallate taste papillae. The RNA was reverse-transcribed (Superscript reverse transcriptase, Life Technologies). The cDNA samples were amplified by using AmpliTaq DNA Polymerase with GeneAmp (Perkin Elmer Corporation, Branchburg, N.J.). Single bands of expected sizes were excised from the gel, purified, and sequenced to determine the intron/exon junctions. The resulting sequence was used to confirm that the product was from the expected sequence, and to find polymorphism between strains. Sequences were aligned and polymorphisms were identified with Sequencher.
Comparative analysis of mouse and human sequences. To compare the mouse and human sequences over the entire contig, we used BLAST searches to identify conserved genes between mouse and human. Homologous human genes were identified and used as queries against the human htgs and gss databases. BAC or PAC clones positive for these human sequences were scanned by electronic PCR (http://www.ncbi.nlm.nih.gov/ genome/sts/epcr.cgi) to determine the map location. Those BACs or PACs that mapped to human Chr 1p36 were identified and then were assembled by overlapping BLAST alignment to determine a minimum tiling path (Fig. 2) .
From the minimum tiling path of ∼1.2 Mb of human DNA, the sequence which corresponded to the 284-kb mouse sequence was extracted. A computer algorithm, Pipmaker (http://nog.cse.psu.edu/pipmaker), was used to analyze the sequenced mouse and human region (284 kb). The intron/exon organization used as input to Pipmaker was produced from alignment of the identified cDNAs and genes with genomic DNA (Table  4) . In an initial analysis, all mouse cDNA from Table 4 was included; however, for ease of presentation, only those sequences with humanmouse similarity were retained in the final analysis.
Results and Discussion
Creation of a high-resolution linkage map. A genetic map of the subtelomeric region of mouse Chr 4 was produced by using an F 2 generation of mice (N ‫ס‬ 628) originating from the C57BL/6ByJ Marker locations are given as bp within the sequenced region (1-284,000 bp; see Fig  3) . Accession numbers for the markers are in Table 2 .
(B6) and 129P3/J (formerly 129/J; abbreviated here as 129) strains (Bachmanov et al. 1997) . Thirty markers, which were polymorphic between the 129 and B6 strains, were genotyped, and the constructed genetic map spanned a 13.3-cM region from D4Mit33 (proximal) to D4Ertd296e (distal; Fig. 1a ). Marker details are provided in Table 2 .
Construction of a BAC contig. The RPCI-23 BAC library (Osoegawa et al. 2000) was screened twice to identify BAC clones covering the Sac locus. A probe prepared from a YAC clone (178B3) was used for the first screening. This YAC was mapped to the subtelomeric region of Chr 4, and it appeared to be nonchimeric. Pooled probes including all markers mapped to the subtelomeric region of Chr 4 were used for the second round of screening.
To determine the BAC clones positive for each probe, we arrayed all putative clones identified from both screenings to prepare small high-density filters. Each small filter was then hybridized against individual probes. Only positive clones confirmed by both hybridization and PCR were used to construct a contig. The BAC end sequences were either obtained from databases or generated by direct sequencing. Consequently, STS markers were designed from the unique sequences of BAC ends and used to perform STS content mapping against all positive clones. The BAC-insert sizes were determined by pulse-field gel electrophoresis. Analysis of the 42 BAC clones was conducted with the SEGMAP computer program (Green et al. 1991) and resulted in the assembly of an estimated ∼1.2-Mb sequence-ready map representing a 5.1-cM region between D4Mit256 and K00231 (Fig.  1b) . Since BAC clone 118E21 was the largest (246 kb) clone located within the Sac critical region, we chose it to prepare shotgun clones to generate a sequence contig with 5-6 × coverage (Accession #AF389853). Consequently, we generated 50 new STS markers (Table 2) , fourteen (28%) of which were polymorphic between 129 and B6 mouse strains. These new markers were developed to fill gaps between previously described polymorphic markers, and were selected to amplify simple repeats where possible (Table 3) .
Annotation of raw sequence. BLAST searches using all STSs in the region were conducted to identify any other large genomic clones that overlapped with the sequenced BAC 118E21, but only one was found (Accession #AF185591). These two clones were assembled and yielded a total sequence of 284 kb. After the sequence of the 284 kb was complete, exact STS positions within the region were identified (Table 3) .
Two methods were used to identify genes within the 284-kb sequence: predicting genes by computer algorithm (the ab initio method), and by the examination of sequence similarly with other genes and ESTs. Initially, the 284-kb sequence was analyzed by masking the repetitive elements, and a computer algorithm (Genscan) was used to predict genes. These predicted genes and the raw sequences were submitted to iterative BLAST searches to determine their similarity to known genes or ESTs. For a predicted gene or genomic sequence to be considered an exact match to a gene or EST deposited in GenBank, the sequence similarity had to be >92% for at least 50% of the sequence (Venter et al. 2001 ). This degree of similarity allowed for sequencing errors or stain differences, but minimized the possibility that closely related genes were misidentified as exact matches or that alternatively spliced forms were discarded inadvertently.
Of the genes in this region, seven had locus designations and were considered known genes ( Fig. 2 and 3) : dishevelled, Drosphila dsh homolog (Dvl, GenBank Accession number NM_010091), Paneth cell enhanced expression gene (Pcee, Accession #NM_018856), sweet taste receptor family 1 member 3 gene (Tas1r3, Accession #AF311386), calcium-binding protein (Cab45a, Accession #U45977), a mammalian homolog of yeast UBC7 (Ubc6p, Accession #U93242), and two members of the tumor necrosis factor receptor superfamily, Tnfrsf4 (Accession #X85214; aliases Txgp1 and ox40) and Tnfrsf18 (Accession #NM_009400). Dishevelled (Dvl) is one of the best-characterized genes in the region. It was originally discovered because it is an ortholog of the Drosophila dishevelled (dsh) gene, a gene that influences the development of the fly body plan. In the mouse, Dvl influences complex social and sensorimotor behavior (Lijam et al. 1997; Lee et al. 1999) . Several Dvl homologs are located on other mouse chromosomes. The tumor necrosis factor receptors Tnfrsf4 and Tnfrsf18 are involved in immune function and cancer biology. Ubc6p is a homolog of the ubiquitin-conjugating enzyme, but to the best of our knowledge, functional studies with this gene and associated enzyme have not been conducted. The calcium-binding protein Cab45a is present in the lumen of the Golgi apparatus (Scherer et al. 1996) . Tas1r3 belongs to a small family of taste receptors (Hoon et al. 1999) , is expressed in taste receptor cells, and has been suggested as a candidate gene for the Sac locus Kitagawa et al. 2001; Max et al. 2001; Montmayeur et al. 2001; Nelson et al. 2001; Sainz et al. 2001) .
In addition to the known genes, other putative genes were identified because sequences within this region matched 15 existing EST clusters (Mm.23825, Mm.23492, NM_025338, If no approved symbol was available in either species, Accession numbers were given. If no Accession number was found, but there was a sequence identity (see Fig. 3 ) the "like" suffix was added to the human gene name (KIAA1716-like).
Mm.28978, NM_024472, Mm.22021, Mm.56803, Mm.182484, Mm.133906, Mm.172945, Mm.32248, NM_026125, Mm.102764, Mm.42006, and Mm.159514) and 11 single cDNA clones (AA546397, AA435261, AA967911, BG243209, BF181401, BF120370, AA218417, AW743506, AI225779, BF319334, AW987045; Table 4 ). The function of these genes, other than that suggested by expression patterns inferred from tissue libraries from which they were derived, are unknown.
To further confirm that putative genes were actual genes, the EST sequences were aligned with genomic DNA and the intron/ exon junctions identified (Table 4 ). The location of each exon for each gene or EST was determined, as well as the acceptor and donor sites. If we assume that all exons identified by alignment of cDNA with genomic DNA are true exons, then Genscan accurately predicted 58% of the exons. If we assume that all EST clusters or single, non-overlapping ESTs are genes, Genscan predicted at least one exon correctly for 41% of genes.
Characterization of genes within this region. Several genes were selected for further study because they were located within a critical region for the taste-related QTL, Sac ). The intron/exon structure of these genes was determined by PCR amplification of genomic and tongue cDNA, using primers that spanned intronic sequence. The PCR experiments were designed to confirm that the predicted genes were present as mRNA, to assess the accuracy of predicted intron/exon junctions, and to determine whether these genes were expressed in tongue. Tongue is an underrepresented tissue as a source of template for publicly available EST sequencing data. Of the seven genes tested, all were expressed in mouse tongue (primers are given in Table 5 ; results are given in Tables 4 and 5 ). Of the 16 intron/exon junctions tested by PCR, two junctions predicted by the computer algorithm did not match the junction obtained from sequencing of the cDNA (12.5%; Table 5 ). The results of this experiment confirm gene expression in tongue cDNA.
Analysis of single nucleotide polymorphisms within genomic and cDNA. Genes within the critical Sac region were sequenced by using genomic and cDNA derived from the B6 and 129 strains. The purpose of this experiment was two-fold: to discover allelic genes that could be considered candidate genes for the Sac locus, and to identify single nucleotide polymorphisms (SNPs) useful for genetic mapping.
SNPs were detected, on average, every 100-200 bp. Most genes were polymorphic between the two strains, and the frequency of nucleotide variants did not differ appreciably from gene to gene. In addition to nucleotide substitutions, small insertions and deletions were a frequent source of polymorphisms between strains. All sequence variants detected in coding regions were either silent or missense mutations (Table 5) ; no nonsense or frameshift mutations were found, nor were any variants detected that would alter an intron/exon splice junction. There were several sequence variants within the 129 strain. The possibility that these variants were due to sequencing artifacts was excluded by re-sequencing of the areas, which confirmed the heterozygosity of the 129 strain in all cases.
Comparative map between mouse and human. To construct a human-mouse comparative map (Fig. 2) , the sequences in the human that align with the 1.2-Mb mouse contig were identified. To do this, mouse genes were submitted to multiple BLAST searches of the human nr, est, htgs, and gss databases. For comparative mapping, we used human sequences that fit all three of the following criteria: (1) they were highly homologous to mouse genes; (2) they were located on human Chr 1p36; and (3) they were contained within a BAC or PAC clone.
The selected positive human BACs were then assembled, a minimum tiling path was selected, and the mouse genes and their human homologs were aligned (Fig. 2) . This human sequence was compared with the mouse sequence, by using the PIP algorithm that plots percentage identity between two sequences (Schwartz et al. 2000) . Almost all named genes in mouse were present in the human sequence, and they were arranged in the same order on the chromosome (Fig. 3) . In many areas outside of the predicted exons, there were highly conserved sequences between mouse and humans (e.g., 6-8 kb, 121-126 kb; Fig. 3 ). These highly conserved regions may represent undetected exons or important and highly conserved regulatory elements.
Conclusions
We have described the genetic and physical map of the subtelomeric region of mouse Chr 4, and a comparative map of the region of conserved synteny in humans. Several interesting features of this region were found. First, gene densities near the mouse and human telomeres are high. More than 20 genes were confirmed within the 284-kb sequence in the mouse. High gene density of the human telomeric region has been demonstrated (Saccone et al. Fig. 3 . Percentage identity plot-based comparative map of mouse and human genomes. The mouse genomic sequence is upper, and the human genomic draft sequence is lower, assembled from three overlapping human BAC clones (Accession # AC026283, AL139287, and AL162741). Both the mouse and human sequences are oriented from the centromere (left) to telomere (right), and the percentage identity is shown on the vertical axis (50-100%). The portions of the figure corresponding to exons with exact matches to known genes are yellow; those with exact matches to cDNAs are blue. Mouse cDNA sequences with no homology to human genomic sequence are not included. Mouse genes are denoted as described in Fig. 2 . 1992), and the current report suggests this is true in mice, to the extent that Chr 4 is representative. Second, the human-mouse conservation between gene order and number was strong. Almost all named genes were present in both mouse and human, and in the same order along the chromosome. There is, however, a caveat to the interpretation of the mouse-human conserved synteny map: the human BAC clones were derived from the htgs database, and are unfinished. Although the PIP algorithm we used takes into account the possibility of broken clones and creates the most likely alignment, some adjustment of gene order may occur as finished sequence is available. The region of strict conserved synteny extends over at least 1.2 Mb (the size of the mouse-human contig and homology map). Mapping data from other sources indicate that the homology may extend as far as 1p31 (http://genome.ucsc.edu).
Third, the recombination frequency in this region was very 
high. The 1.2-Mb region represented in the BAC contig corresponded to a genetic distance of over 5 cM as measured in an F 2 mapping panel. This high rate of recombination has been observed in mouse telomeric regions (de Boer and Groen 1974) . This terminal map expansion is fortunate for those mapping quantitative traits or genes, because more informative meioses are obtained than in less recombinogenic regions of the genome. The high rate of recombination, and its beneficial effects on gene mapping, partially offset the difficulties encountered in sequencing telomeric regions. The rate of polymorphisms detected between the two mouse strains, B6 and 129, suggests that many of the genes may have altered function because of numerous amino acid substitutions. The B6 and 129 strains are only distantly related, and the large number of polymorphisms makes these strains good choices for gene mapping studies. Compared with data collected in a largescale effort to map SNPs among mouse strains (Lindblad-Toh et al. 2000) , the frequency of SNPs in distal Chr 4 was more than threefold higher than elsewhere in the mouse genome for comparable strains.
Polymophisms between substrains of the 129 strains have been well characterized (Simpson et al. 1997) , but the rate of heterozygosity within the 129P3/J strain was surprising: inbred strains are supposed to be homozygous at all loci. This finding is consistent with our observations during genotyping with microsatellite markers, which identified some polymorphisms within the 129P3/J substrain (Bachmanov et al., unpublished observations) . The rate of within substrain polymorphisms could account for some of the phenotypical within-strain variation of the 129 substrain, such as variable agenesis of the corpus callosum (Wahlsten 1982) . Several explanations are possible for this variability within this inbred strain. The 129P3/J substrain is maintained using a forced heterozygosity mating scheme: in each generation, heterozygotes at the albino locus Tyr . This mating scheme has been conducted at The Jackson Laboratory since 1948 (Withham 1990 ). The forced heterozygosity may account for variation in the albino region on Chr7, but should not increase the level of heterozygosity of other regions. Alternatively, the increased heterozygosity might be due to the later initiation of inbreeding of the 129P3/J strain compared with other inbred strains. Another possibility might be that the strains could have been contaminated, like other substrains of the 129 strain (Simpson et al. 1997) . Finally, the 129P3/J strain could be unusually prone to de novo mutations. Further study of the heterogeneity of the 129P3/J strain should be conducted, because this heterozygosity could have impact upon QTL mapping or other phenotypic studies.
There are two ways to detect genes within genomic DNA sequence: prediction of genes using computer algorithms, and similarity searches. Both work well at identifying most genes, but neither method identifies all genes with certainty. Ab initio methods, implemented with Genscan, detected more than half of the genes in our study, but the genes detected were not necessarily assembled with the same intron/exon boundaries found in the cDNA. These Genscan assemblies could be errors, or they could reflect alternatively spliced forms of a gene that are undetected because they are expressed in tissues not represented in cDNA libraries, or have a low abundance. Comparisons of the genomic sequence using sequence similarity methods also provided additional information about the presence of genes and their structures, many of which were not identified through the Genscan analysis. Still, other genes could exist in this region, and the regions of high sequence similarity identified through the PIP analysis would be good candidates for the undetected genes. The publicly available human draft sequence was poorly annotated in this region and reflected less than half of the gene content of the current analysis (http://genome.ucsc.edu/). Therefore, it is still important for investigators to annotate genomic regions rather than to rely on the annotation available through public and private databases.
Annotation of genomic sequence and predicting genes through areas of conserved synteny with other species should be approached cautiously. For example, regions of high human-mouse homology existed, and in some cases the sequence encompassed a known gene in one species, but not in the other species, and no cDNAs in the other species were found. A case in point is the Ubc6p gene in the mouse: there is a high sequence homology between mouse and human genomic sequence, but without the presence of human cDNAs, further work would be needed to name the human sequence appropriately. Another challenge was the large number of orphan mouse cDNAs in the region; many of these cDNAs could represent novel genes, but it was difficult to determine this accurately without additional work. Examination of this region led to the identification of many genes that were polymorphic between B6 and 129 mice, near the peak linkage interval for Sac, and that were expressed in the tongue. Of these genes, Tas1r3 is the best candidate for the Sac locus Kitagawa et al. 2001; Max et al. 2001; Montmayeur et al. 2001; Nelson et al. 2001; Sainz et al. 2001) .
The detailed genetic, physical, and comparative maps created here will assist in identification of loci that influence development, behavior, and disease susceptibility, and the sequence-ready BAC contig will be useful for the public Mouse Sequencing consortium. While drafts of the homologous regions are now available from human DNA (Human Genome Sequencing Consortium 2001; Venter et al. 2001) , comparison of the maps described herein with the recently released human draft suggests that gaps still remain in the human sequence, particularly in areas closest to the telomere. Identification of all genes in human and mouse subtelomeric regions and the closing of telomeric gaps will involve more effort than that taken to close gaps in other regions of the genome.
